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WRaIR Invention Docket No : W R /V 7 ^ ~ ^» 

Date of Invention Disclosure: j urvc 30, 1995 

Invention Disclosure TjtleConstruction of an attenuated Shigella flexneri 2a strain 2457T for use as a DNA delivery vehicle for 

DNA-mediaied immunizations and for a potential vaccine candidate against Shigella flexneri infection. 

Invgnwfs) an< ^[FAIF Pivision qr 9fr^Affilj<mqn: 

Arthur A. Branstrom, Department of Bacterial Diseases, Division of Communicable Diseases and Immunology. 
Donata R. Sizemorr. Department of Bacierial Diseases, Division of Communicable Diseases and Immunology. 
Jcrald C. Sadoff, Division of Communicable Diseases and Immunology. 

1. Narrative Description of the Invention (Highlight whai the Invention does and how it differs from conventional 
praoices; identify other panics (especially commercial interests) to this invention, and state whether this is a 
Subject Invention under a CRDA, contract, grant, or other form of Agreement]: 

The invention is an ajrf attenuated isolate of Shigella flexneri 2a strain 2457T. This strain has been mutated in the gene 
encoding aspartate P-semiaJdehyde dehydrogenase (ASD). This mutation results in a strain unable to grow in the absence 
of diaminopimelatc (DAP), an essential pcptidoglycan component comprising the cell wall of gram negative bacteria. 
DAP is not present in mammalian tissues, and is tnerefore unavailable for scavenge by infecting bacteria. This strain will 
likely be a better carrier of DNA for DNA -mediated immunizations- Ai present, there are no strains of Shigella that are 
sufficiently a Herniated 10 not cause disease, still maintain the capacity 10 invade mammalian cells, and then quickly die 
once inside the host cell. We believe the ISD swain meets tltese requirements, and has already been shown to be an 
effective vehicle for delivering DNA 10 BHX and P815 cells grown in culture. Secondly, the construction of an asd 
attenuated S. flexneri strain may serve as a potential vaccine candidate for preventing 5. flexneri disease. Current 
attenuating mutations in Shigella have failed to result in the development of an effective vaccine against Shigella 
infection. The asd muption will likely be safer compared with other auenuaung components, since mutating the asd gene 
creates a bacteria which cannot divide and subsequently dies in the absence of DaP. We have already demonstrated ihc 
successful attenuation of 15D. and its ability to protect against a challenge in the guinea pig keratocopjuciivitis model. 
We believe this strain may have the capability of eliciting an immune response which will protect individuals from 
disease. 

2- Vdue of the Invention to the U.S. Government and the U S Army [Highlight how the invention helps or will 
belp the soldier]: 

The asd attenuated isolate of S. flexneri 2a strain 2457T can be marketed as a bacierial vector for delivery of plasmid 
DNA for DNA-mediaied immunizations. This vaccination approach would be applicable id both government and 
commercial interests. In addition, ihis engineered bacteria could serve as a potential vaccine candidate strain against S. 
flexneri infections for military personal deployed to endemic areas. 

\. Commercial Applicati ons of the Invention [Describe to the best of your knowledge the potential for 
tommercializaiion of the invention, including potential candidates for licensing of the invention; identify any 
sommercial concerns who have approached you concerning this invention; CAUTION: do nof a pproa^ 
fommercial interests independently! : 

The ISD strain would also be a commercial benefit for vaccinating populations of third world countries and people 
traveling abroad. The strain has the potential for being a carrier of a broad range of immunizing antigens encoded on non- 
replicating DNA for the purpose of DNA-mediaied immunizations. Direct DNA-mediated immunization is an evolving 
new approach to vaccine development, where DNA encoding foreign proteins is injected directly into the muscle or skin, 
taken up, then transcribed and translated into products which stimulate the immune system. The technique has relied upon 
the direct administration of purified bacierial plasmids by injection or transfection on gold panicles. We constructed what 
we believe is a highly aucnuated bacterial vector, which is capable of invading mammalian cells. We have shown this 
strain then breaks out of the phagocytic vacuole, ruptures due 10 the inability to synthesize DaP, and successfully 
delivers functional foreign DNA to mammalian cells in culture. This opens the possibility of using this strain for oral 
and other mucoal DNA immunization and gene therapy strategies. We have shown in an animal model (guinea pig 
keratoconjunctivitis) 15D fails to cause disease and protects from a challenge wiih virulent 2457T 
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101 Yes: Submitted for review for publication on June 7, 1995. 
Access made available to Dr, David Hone for purpose of collaboration. 
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11. Potential Market Information: ^ Su) 
A and B: The asd attenuated isolate of S. flatten 2a strain 2457T can be marketed as a g« 
bacterial vector for delivery of plasmid DNA for DNA-mediatcd immunizations. This vaccinatioig^r^g 
approach would be applicable to both government and commercial interests. In addition, this ^ 
engineered bacteria could serve as a potential vaccine candidate strain against S.flexneri infections for 
military personnel deployed to endemic areas. This strain would also be a commercial benefit for 
vaccinating populations of third world countries and people traveling abroad- 

14 A. The invention is an asd attenuated isolate of Shigella jlexneri 2a strain 2457T. This strain has 
been mutated in the gene encoding aspartate p-scmialdehyde dehydrogenase (ASD). This mutation 
tcsuIis in a strain unable to grow in the absence of diaminopimelate (DAP), an essential pepudoglycan 
component comprising the cell wall of gram negative bacteria. DAP is not present in mammalian 
tissues and is therefore unavailable for scavenge by infecting bacteria. Shigella flexion. 2a strain 
2457T was mutated by integration of a deleted E. coli asd fragment into the chromosome (see figure 1). 
To accomplish this, the gene encoding E. coll asd (1) was amplified using the Polymerase Cham 
Reaction CPCR) incorporating BgM restriction sites. The asd PCR product was cloned into a previously 
described vector (2). which contains a pUCl8 backbone and the pSClOl origin of replication. Positive 
constructs were selected for their ability to complement the asd E. coli mutant, x6097 (3). The resulting 
PAB1Q2 plasmid was reverse PCR amplified to delete 553 bp of the E. coll asd structural gene (position 
439 to 991)[all primers given in a 5* to 3* orientation]. The kanamycin resistance cassette from the 
commercial plasmid pUC4K-K!XX (Pharmacia) was purified as a Smal fragment and cloned between the 
flanking ar/sequences. Using forward and reverse primers containing restriction sites Sad and Sail, 
respectively, PCR amplification resulted in a 2 kb PCR fragment comprising the asd flanking sequences 
with the internal Kan r cassette. The entire Aas<*::KanrpCR fragment was cloned into the Sacl/Sall site of 
the positive selection suicide vector pCVD442 (4). Ligations were transformed mto strain SMIOXpir (5) 
and selected for resistance to ampicillin. SMIOXpir (pCVD442::<«d ) was conjugated with S.flanen 2a 
strain 2457T (pAB322rTet r ,Amp s )) and Amp r /Tet r conjugants selected. PCR analysis of chromosomal 
integrates showed the recombination event occurred in the downstream portion of the cloned asd inserted 
into the pCVD442 plasmid. The integrated plasmid and the intact asd were resolved by growing isolates 
on sucrose containing media, which resulted in a second recombination event (6). Screening for Kan r 
and a requirement for DaP, isolate 15C was obtained. Hybridization and PCR analysis confirmed this 
strain as having a deletion in asd. This mutation could be complemented with E. coli asd cloned in a low 
copy number vector (pSClOl origin of replication). 15C was then cured of its Tei' plasmid by fusaric 
and treatment (7) to generate isolate 15D. 

See figure 1 on the following page. 
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Figure 1: Consrruciion of a £uisd derivative of Shigella flexneri 2a strain 2457T- 
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Direct DNA-mediated immunization is an evolving new approach 10 vaccine development, where DNA 
encoding foreign proteins is injected directly into the muscle or skin, taken up, then transcribed and 
translated into products which stimulate the immune system. The technique has relied upon the direct 
administration of purified bacterial plasmids by injection or transfection on gold panicles (8). We set 
out to construct a S. flexneri strain that would serve as a carrier to deliver this immunizing DNA to the 
cytoplasm of target cells. The operation of the invention centers around the characteristics of the asd 
mutation in S.flexneri. We constructed what we believe is a highly attenuated bacterial vector, which 
is capable of invading mammalian cells. We have shown this strain then breaks out of the phagocytic 
vacuole, ruptures due 10 the inability to synthesize DAP, and successfully delivers functional foreign 
DNA to'mammalian cells in culture (9). This opens the possibility of using this strain for oral and other 
mucosal DNA immunization and gene therapy strategies. We have shown in an animal model (guinea 
pig keratoconjunctivitis) 15D fails to cause disease and protects from a challenge with viwlent 2457T. 

14 B. The advantage of using an asd attenuated isolate over other attenuated strains of S.flexneri is 
lSD's inability to replicate in the absence of DAP. We believe that the asd attenuating feature of 15D 
wiU make it a bener candidate to serve as a carrier for DNA-mediated immunizations and also as a 
vaccine candidate. As a potential vaccine candidate, this strain has been shown to be attenuated and 
protective in a guinea pig keratoconjuctivitis animal model. Previously constructed Shigella vaccine 
candidates have either not elicited a protective immune response to protect against subsequent 
challenge, or the strains weren't sufficiendy attenuated for use in humans. 
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14 c The construction of an isolate of S.flexneri containing a deletion in the asd gene will 
potentially solve two problems. First, this strain will likely be a bener carrier of DNA for DNA- 
mediated immunizations. At present, there are no strains of Shigella thai are sufficiently attenuated to 
not cause disease, still maintain the capacity to invade mammalian cells, and then quickly die once 
inside the host cell. We believe the 15D strain meets these requirements, and has already been shown 
to be an effective vehicle for delivering DNA to BHK and P815 cells grown in culture (9) Secondly, 
the construction of an asd attenuated S.flexneri strain may serve as a potential vaccine candidate for 
preventing S flexneri disease. Current attenuating mutations in Shigella have failed to result in the 
development of an effective vaccine against Shigella infection. The asd mutation will likely be safer 
compared with other attenuating components, since mutating the asd gene creates a bacteria which cannot 
divide and subsequently dies in the absence of DaP. We have already demonstrated the successful 
attenuation of 1SD. and its ability to proiect against a challenge in the guinea pig IceraiCKoruuqjvius 
model. We believe this strain may have the capability of eliciting an immune response which will protect 
individuals from disease. 



14 D This invention has the following potential uses. The strain can successfully serve as a carrier for 
the delivery of DNA to colonic mucosa, thus opening the possibility of oral and other mucosal DNA 
immunization and gene therapy strategies utilizing strain 15D. Genes encoding antigens from organisms 
causing- (a) diarrheal diseases such as rotavirus; (b) sexually transmitted diseases such as human 
immunodeficiency virus. Neisseria gonorrhoeae, and human papilloma virus; and (c) gastrointestinal 
diseases such as the ulcer causing Helicobacter pylori , can be cloned into nonrephcating plasmids. These 
plasmids can then be carried by 15D for mucosal immunizations. 15D has been found to maintain many 
different plasmid types without antibiotic selection. Delivery of DNA encoded antigens to the mucosal 
immune system by strain 15D may permit mucosal immunization simulianeously with multiple antigens 
that can be directed for class I and/or U presentation, stimulation of Thl or Th2 help, or secreted 
maintaining the proper folding and conformational epitopes for IgA and IgG antibody production. 
While we have constructed a novel strain for delivering functional DNA to the cytoplasm of mammalian 
cells this mutation should not be restricted to Shigella species, since the invasion genes that Shigella 
utilize can be inserted into other bacteria such as £. coli (10). Another potential use of strain 15D is for 
vaccination against S. flexneri infections. This strain should provide for a safe oral vaccine candidate that 
may have the capacity of eliciting a protective immune response. While determination of the safety of this 
strain awaits human trials, this asd mutation can be applied to other Shigella serotypes as an effecuve 
attenuator for constructing additional vaccine candidates, both as DNA carriers, and as live-anenuaied 
bacterial vaccines. 
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14 E. The novel feature of this invention is the use of an asd leihal m man on to anenuaie a suain of 5. 
flezneri. Tte ASD deficiency results in whai we believe will be a sufficiently attenuated isolate that can 
serve as a delivery vehicle for plasmid DNA and as a potential vaccine candidate against S.flexneri 
infection. It was not predictable and highly unexpected that a strain containing a mutation which does not 
permit even a single replicaiion is able to invade, deliver DNa, and immunize againsi itself 



References: 

1. C Haziza, P. Stragier, J.C Pane. EMBO J. 1. 379 (1982), 

2. A. Bransirom, D. Sizemore, R. Warren, J. Sadoff, Presented at the 33rd 
JCAAC, New Orleans, LA, 20 October, 1993, ^1 136. 

3. K_ Nakayama, S.M. Kelly. R. Cuniss III, BioTechnology 6. 693 (1988). 

4. M.S. DonnenDerg and J.B, Kaper, Infeci, Immun. 59. 4310 (1991). 

5. R, Simon, U. Priefer, A. Puhler, Bio/Technoi. 1.784 (1983). 

6. J. Quandt and M.F. Hynes, Gene 127, 15 (1993). 

7. SR. Maloy and W.D. Nunn, J. Bacterial. 14S. 1110 (1981). 

8. J.J. Donnelly, J.B. Ulmer, M.A. Liu, J. Immunol Methods 176, 14S (1994). 

9. D. Sizemore. A. Branstrom, J. Sadoff. Submitted June 7 for publication in Sciencei 1995). 

10. P.J. Sansoneni, ei aL, Infect, Immun. 39, 1392 (1983). 



) AND ORGANIZATION OF iNVENTORSiS) (USE IN*) 




DATE: 



Th£ D6SCABGD invEnDOn maS BEEN 

wrr>esseD.R6AO.AN0 understood bt. 



.W. d 



ORGANIZATION ^ 

ii TVnS FOflM AND ANY OMITTED INFORMATION BECOMING AVAILABLE aT A uATER T\mE SKXJUD BE FORWARDED TOi 
i cmEF. INTELLECTUAL PH0peffT> DTV. PARDON! ATTN: PATENT ax»NS£u Oft CHIEF Of EnQnEEPS ATTN; PATENT COUNSEL 
OFF** OF THE JUDGE ADVOCATE G£n£8al 
DOT. OF The AKMY 
WASHINGTON. OX. 2Q310 



QaTE: 



Rage 



PaG£5 



